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© Single-chip microcomputer. 



C4© A logic circuit (6) built in a single-chip micropro- 

^cessor is configured of electrically-programmable 

^memory elements, and information is written into the 

JO memory elements from outside, whereby a logic 

0> circuit having any desired logical functions can be 

^O constructed. The writing operation of the memory 

Oete m © n ts can be executed in a short time, and a 

CO user can obtain the single-chip microprocessor hav- 

Qing hardware of peculiar prescribed specifications, in 

_ a short period. 
CL 
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SINGLE-CHIP MICROCOMPUTER 



The present invention relates to a semiconduc- 
tor integrated circuit, and more particularly to a 
single-chip microcomputer (hereinbelow, some- 
times termed "MC"). It is greatly effective to re- 5 
duce the number of components in the case of 
constructing a system, and is well suited to make 
common the operations of writing data into a built- 
in nonvolatile memory or verifying data. 

As described in Japanese Patent Application w 
Laid-open No. 285567/1986. a prior-art apparatus 
has been so constructed that an MC and a PLA 
(Programmable Logic Array) are brought into the 
shape of one chip, and that the PLA operates in 
response to external inputs without regard to the 15 
program of the MC, whereupon various functions 
are fulfilled with the outputs of the PLA so as to 
start the MC in accordance with the results thereof. 

The PLA is a logic circuit having a variable 
logical construction wherein the logical functions of 20 
the circuit can be constructed at will by electrically 
writing data into nonvolatile semiconductor memory 
elements. 

Meanwhile, an improved PLA utilizing EPROM 
technology is disclosed in U. S. Patent No 25 
4,609.986. 

In addition, Japanese Patent Application Laid- 
open No. 198667/1985 is known as teaching a 
semiconductor integrated circuit device wherein a 
data processing unit such as CPU and a nonvolatile 30 
memory block for storing software are held in an 
identical chip. 

On the other hand, electrically-programmable 
logic devices are discussed in the product catalog 
of Altera Corporation, p. 12. and "Electronic De- 35 
sign." Aug. 7, 1986. pp. 94-97. 

Although the apparatus of Japanese Patent Ap- 
plication Laid-open No. 285567/1986 exhibits the 
effect of reducing the number of components in 
certain sorts of applications, it has had the problem aq 
that versatileness is not considered sufficiently, so 
a wide range of applications cannot be covered. 
Besides. U. S. Patent No. 4.609.986 merely dis- 
closes the PLA itself, and it has not given any 
consideration to a contrivance in which the PLA, 45 
namely, a programmable logic circuit and an MC 
are fabricated into one chip in order to enhance the 
versatileness of a single-chip microcomputer. 

Meanwhile. Japanese Patent Application Laid- 
open No. 198667/1985 merely discloses that the 50 
memory block for storing a program which is the 
software of a single-chip microcomputer is con- 
structed of a nonvolatile memory, into which data is 
written from outside the chip by a user oneself, 
whereby a desired single-chip microcomputer is 



offered to the user in a short period of delivery. It 
has not given any consideration to a contrivance in 
which the user oneself freely constructs a logic 
device for realizing the hardware of the single-chip 
microcomputer. 

The software (program) of the single-chip 
microcomputer is developed by the user oneself, 
and the developed software is written into the ROM 
(Read Only Memory) of the memory block of the 
single-chip microcomputer. Accordingly, the user 
can obtain the single-chip microcomputer having 
the desired software in the short period in such a 
way that the ROM is constructed of the nonvolatile 
memory and that the user oneself writes data from 
outside the chip into the nonvolatile memory at will. 

On the other hand, regarding the hardware of 
single-chip microcomputers, individual users often 
have various prescribed specifications, and hence, 
the respective prescribed specifications of the us- 
ers cannot be simultaneously satisfied by unified 
hardware. Accordingly, each user has heretofore 
added a random logic circuit or the like as the 
external circuit of the single-chip microcomputer in 
order to realize the prescribed specifications of the 
user oneself. This has led to the problem that the 
number of components of the whole system is 
large. 

The hardware of the single-chip microcomputer 
as to which each user has the peculiar prescribed 
specifications, includes various units such as a key 
input encoder (an encoder by which input informa- 
tion from a keyboard is converted so as to be 
accepted by the single-chip microcomputer), a dis- 
play decoder (a decoder by which the output in- 
formation of the single-chip microcomputer is con- 
verted so as to drive a display unit), and a time- 
keeping timer. 



Summary of the Invention 

It is accordingly an object of the present inven- 
tion to construct a logic device (a random logic 
circuit) concerning the hardware of a single-chip 
microprocessor, within the microprocessor, and to 
establish the logical functions of the logic device at 
will in accordance with write information afforded 
from outside the microprocessor. 

In a typical aspect of performance of the 
present invention, a logic device constructed within 
a single-chip microprocessor is made of nonvolatile 
semiconductor memory elements which are elec- 
trically programmable. 

Data is externally written into the nonvolatile 
semiconductor memory which constructs the logic 



2 



EP 0 306 962 A2 



device, whereby the logical functions of the logic 
dev.ce can be established at will so as to satisfy 
the prescribed specifications of a user 

Since the logical functions of the logic devices 
can be established at will in accordance with the 
.nformafcon written from outside, the various pre- 
sented specifications of users can be met by the 
logical functions established at will 

It is executable in a short time to write the 
Ration into the nonvolatile semlcon*,^ 
memory elements which construct the logic device 

s?nl r 63Ch ^ ° b,ain in a snort P^iod a 
s ngle-ch ip microcomputer which has the hardware 
of the peculiar prescribed specifications 

Accordingly, the present invention is well suit- 
ed to obtain single-chip microcomputers of small 
quantity and I multikind production in short pericT 

Other objects and features of the present in- 



Fig. 13 is a block diagram of a sinole-chin 
m,crocomputer according to the fifth emblem 
of the present invention; and ™ m 

Fig. u is a block diagram of a single-chio 

oT h?° mPUter t0 ,he si * n embo 9 d!mem 

of the present invention. 
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£f!£2E!!£!I £f the Preferred Embodi- 



grief Description of the Drawing 

Fig. 1 is a block diagram of a single-chip 
microcomputer according , 0 the first embodiment 
of the present invention; 

in Fig.?' 2 ^ 3 detai ' ed b,OCk dia 9 ram of a PLA 

Figs. 3 and 4 are circuit diagrams for ex- 
plaining the circuit arrangement of the PLA in Fit, 
1 m more detail; 9 ' 

f ha , F T' 5(A) " 5(D) are diaorams f ° r explaining 
the funct.ons of the embodiment in Hg.i ; 9 
Fig. 6 is a block diagram of a single-chip 
m cro computer according to the second embed- 
ment of the present invention; 

nrnrJ' 9 ' 7 '^ 3 d6tai,ed bl0ck dia 9 ra m of a sub- 
processor in Fig. 6; 

Fig. 8 is a block diagram of a single-chip 
m,crocomputer according to the third embodiment 
of the present invention in which a nonvolatile 
mem 0 r y block for storing software is further bufl, S 

3 Cnlp, 

ir«. • F ' 9 : 9 iS 3 detai,ed b,ock dia 9ram of a con- 
trol signal generating circuit in Fig. 8 ; 

Fig. 10 is a detailed block 'diagram of a 
programmable logic circuit in Fig. 8; 

snar* 1 3 d,agTam Snowin 9 the ad *ess 

space of the single-chip microcomputer in an ex- 
ample of the present invention, while Fig. 11( B ) is a 
digram showing the timing chart of the data write 
and test read operations of the single-cfiip micro- 
computer in an example of the present invent^ 

Fig. 12 is a block diagram of a single-chin 
miaocomputer according to the fourth embo'dtne t 
ot the present invention; 



h„ „ "J Smb0diments o' the present invention will 
be described with reference to the drawings 
Shown in Rg. i is tne arcnitec(ure of " 

75 *S ™*ocomputer in the first embodiment. 

microcomputer is constructed on an identical semi! 
conductor substrate 1 and of a processor 5 whS, 

20 Loofc VavTt a H R H° M 4; 3 PLA ( Pro 9--mab,e 

variabte Zn r , SerV6S 35 3 '°9 iC CirCUit °< 

po^ O) 7 9 h ' COnStrUCti0 " : and a " -Put/output 
Port (I/O) 7, the respective blocks being coupled bv 
a common bus 8. In addition, the PU 6 is direct^ 
connected to the «/0 7 and the CPU 2 by sS 
« Lnes 9 and 10. respectively. V 9 

The ROM 4 serves to store the software 
(prcgram, of the single-chip MO The PuTop! 
warf of a ! h : he ,0 f C devica *» Sizing the h£ 
30 vo a at, te 1 9 P MC ' and * inc,udes 

ssinSr- e,ements which « *^ 

rnof 9 ' r ,S 3 detai ' ed diaQram entering round the 
configuration of the PLA 6 in Fig. i. Th e PLA 6 is 
configured of the circuits of an AND (logical prod- 
's u«) circuit 20. an OR (logical sum) circuit 2^ 
output latch ,22. an input latch 23 and a selector' 24 
and w,nng for connecting the circuits. The proces- 
sor 5 and the PLA 6 are connected by a control 

- ?T' y,n9 ^ inpUt ' atCh 23 °" ne 

r^J T COntr °' • S, ' 9nal 9 enerate d in the pro- 
cessor 5. an address bus 8b. and a data bus 8c 

sub^ m T Uni f ''° nS bQtween me semiconductor" 
substrate 1 and the exterior thereof are carried out 
trough an output port 7a. an input/output port 7b 
data ^ 'V ^ ?C WhiCh are conne cted with the 

^ « ~ » 

Inputs to the input latch 23 of the PLA 6 are 

so o?Z 9 l ° f *l ^ Si9na « ,ina **• ^ addr S 
so of the address bus 8b. the data of the data bus 8c 

toe output 70c of the input port 7c and the outpS 

LI ? T* Se ' eCt0r 24 " and l "ey are con- 
verted ,nto the input of the AND circuit 20 by me 
input latch 23. The output of the AND Sou* 20 
55 becomes the input of the OR circuit 21. 

of wh^h ,s input to the output latch 22. The outpu 

24 and ' a,Ch 22 " ' nPUt » Selec »- 

24. and the part.al signal 22b thereof is input to the 
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AND circuit 20. Among the outputs of the selector 
24. ones 9a and 9b are respectively .nput to he 
output port 7a and the input/output port 7b. and the 
other 9c is applied to the data bus 8c 

Fio 3 shows an example in which the AND 
circuit 20 in Fig. 2 is constructed oi electnca.^ 
programmable nonvolatile memory (EPROM) e\e 
me nts of the ultraviolet light-erasable type. Th.s 
Lmple is illustrated as an arrangement .n wh,ch 
the AND circuit has four inputs (Jo - h) and pro- 
duces four independent AND outputs (A* - to). An 
element matrix 40 is configured of EPROM ele- 
ments MP. 0) - M(7. 3) in 8 rows and 4 column* 
The EPROM element is a well-known element, and 
shall be omitted from the detailed °°s™ptooru 
Here a case where the element has a threshold 
voltage V. of low level (about 1 V) is defined as an 
erase state, and a case where it has a threshold 
vdtage V w of high level (5 V or above) is defined 

as a write state. . . . 

Data is written into the elements m column (4- 
bit) unit as follows: Data items to be wntten _are 
applied to data inputs (Do - D 3 ). and one of select 
lines So - S3 is selected (is set at a level 1 )• 
S. a°write enable signal WE is set at the leve 
-1- and a writing electric terminal V p at a wnte 
voltage (for example, about 12 V). On th.s occa- 
sion, whether positive logic or negative logic s 
written is determined by the state of the .nput I, 
Ire specifically, when.the input lo is taken as an 
example, a word line W 0P is selected for lo - 1 . 
• and a word line W„ 0 is selected for to - 0 - The 
word line (the gates of the memory elements) 
selected at this time has its voltage ra.sed to the 
potential V p through a resistor Rj 0 - 0 ' O- 
Besides, in accordance with the data .terns appfied 
to the inputs Do - D 3 . voltage converters Wo - ^3 
generate 0 in case of the data .terns of 0 and a 
drain voltage V 0 necessary for the wnting oper- 
ations of the memory elements .n case of the da a 
terns of -1". so as to supply the write voltage to 
Memory elements through respective ^ > fines 
d„ - d 3 . Thus, the threshold voltage V, h of the 
memory element which is initially in the erase sfcte 
is held at the threshold voltage V,. of ttie erase 
state when "0" has been applied to the data ,npu 
0 with respect to the selected word fine W^and * 
becomes the threshold voltage V tw of the wnte 
state when "1" has been applied to the data .nput 

°' By executing the above operations for all the 
rows, the program of the whole area M(0. 0) - M(7. 
3) of the matrix is completed. 

ln a case where the AND circuit 20 .s operated 
for reading data, namely, for taking the log.ca 
products. The voltage V p is set at a ma^n power 
source voltage V e or a ground voltage, and the 
write enable signal WE is set at "0". 



Besides, all the select fines So - S 3 are set at 
-1- whereby unit AND data according to the vaJ- 
ues" of the inputs lo-«3 is detected by sense 
amplifiers SAo - SA, through the data fines do - d 3 
5 and is output as the logical products (A> _ A, . 

F,a 4 shows the arrangement of the logical 
sum (OR) circuit 21 in F.g. 2. The OR circu,t .s 
"ntigured of an OR gate ORi . which ^recewes me 
AND outputs Ao and A„ an OR . OR2whK* 
, 0 receives the AND outputs A 2 and A. an OR gate 
OR3 which receives the outputs of the OR gates 
ORI and OR2. and an output se.ect.ng crcu. 50 
which selects the output of the OR gate OR1 or 
that of the OR gate OR3. 
, 5 when -r is applied to the .nput 51 of the 
selecting circuit 50. a transistor T1 turns on and 
a transistor T2 "off", and the fo.low.ng tog^a. ex- 
pressions are obtained at the respective outputs of 
this circuit: 
20 Oo = Ao + Ai 

01 On^the otter hand, when "0" is applied to the 
input 51. the transistor T1 turns "off" and the 
transistor T2 "on", and the following log.ca. expres- 
25 sions are obtained at the respective outputs: 

00 = Ao + A, + A 2 + A 3 

01 According^ this embodiment, several ways of 
US e as illustrated in F.gs. 5(A) - 5(D) are permitted 

30 by changing the input latch 23 and selector 24 

set to be the signals of the buses 8a - 8c. and an 
output from the selector 24 is applied to the port 7a 
3S or 7b. whereby an output from the processor 5 can 
L converted and then delivered out of the sem.- 
conductor substrate 1 by the PLA 6. 

(B) An input to the input latch 23 .s set to be 
the signal of the port 7b or 7c. and an output from 
the selector 24 is selected to be the output 9c 
whereby the signal from outside the ^.conductor 
Tubstrato 1 can be converted and then appfied to 
the processor 5 by the PLA 6. 

(C) The inputs of the input latch 23 are set to 
« be the sU of the buses 8a - 8c. and , output 

of the selector 24 is also appfied to the bus 8c. 
whereby the output signal of the processor 5 can 
^ converted and then applied to the processor 5 

50 ^d^ 

be the signal of the port 7b or 7c. and the output p. 
£> sector 24 is set to be the output 9a or * 
whereby irrespective of the processor * the s.gn* 
from outside the semiconductor substrate 1 can be 
55 to the PLA 6. and the signal obta.net .by 

the conversion of the PLA 6 can be defivered out of 
the semiconductor substrate 1. 
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By the way, it is also possible to employ two or 
more of the above aspects (A) - (D) in combination. 
For example, in the combination between the as- 
pects (A) and (B), the inputs of the PLA 6 can be 
divided into two groups, one of which consists of s 
the outputs (8a - 8c) of the processor 5 and the 
other of which consists of the inputs (7b. 7c) from 
outside the semiconductor substrate 1, and also 
the outputs of the PLA 6 can be divided into two 
groups, one of which consists of the input (8c) of io 
the processor 5 and the other of which consists of 
the outputs (7a, 7b) out of the semiconductor sub- 
strate 1. 

Moreover, since the PLA is configured of the 
electrically-programmable ROM elements of the ul- is 
traviolet light-erasable type, it can also be repeat- 
edly utilized in such a way that the elements are 
housed in a package with a window and that logical 
information is electrically written anew after old 
information has been erased by projecting ultra- 20 
violet light through the window. 

Further, it is needless to say that the PROM 
elements of the PLA can be constructed of EEPR- 
OM (electrically erasable and programmable ROM) 
elements. 2S 

The first embodiment thus far described em- 
ploys the PLA (Programmable Logic Array) as the 
programmable logic circuit. The PLA operates to 
respond to input data D| and to afford the functions 
of outputs D 0 = F(D|) in the forms of logical 30 
products and logical sums. 

As the second embodiment, there will now be 
explained an example of a semiconductor inte- 
grated circuit in which the second programmable 
logic circuit (a subprocessor) of processor structure 35 
is added to the programmable circuit, and functions 
being more complicated than those of the first 
embodiment can be realized. The semiconductor 
integrated circuit shown in Fig. 6 is so constructed 
that the subprocessor 100 connected to a common 40 
bus 8. a PLA 6 and an I/O 7 is added to the 
arrangement in Fig. 1 . 

Fig. 7 illustrates the configuration of the sub- 
processor 100 and the connections relationships 
among the subprocessor 100, PLA 6. I/O 7 and 45 
common bus 8. 

The subprocessor 100 is configured of a ROM 
101 for storing an instruction, a control circuit 102 
for generating a control signal on the basis of the 
information of the ROM 101, an address latch 103 so 
for storing the next address of the ROM, an ALU 
(arithmetic/logic unit) 107 which is connected to 
first, second and third data buses 104 t 105 and 
106. a register file 108. a status register (ST) 110 
which is connected to the ALU and which is con- 55 
trolled by a programmable sequence generator 
(PSG) 109, and a bus interface circuit (IF) 111 for 
connecting the subprocessor and the common bus 



8. 

The PLA 6 is connected to the common bus 8 
by wiring 112a, and to the I/O 7 by wiring 112b. 
Also, it is supplied by wiring 11 2c with the control 
signal 102a generated by the control circuit 102 of 
the subprocessor 100. by wiring 11 2d with the 
output 110a of the status register 110, and by 
wiring 1l2e with a signal 107a to be applied from 
the I/O 7 to the ALU 107. 

In this embodiment, the PSG 109 and the ROM 
101 are constructed using ROM elements which 
are electrically programmable. 

Naturally, the PLA 6 is configured of ROM 
elements which are electrically programmable. 

Fig. 8 shows a block diagram of a single-chip 
microcomputer in which a built-in nonvolatile mem- 
ory block 4 for storing software is further com- 
prised in a chip. 

Referring to Fig. 8, numeral 1 indicates a semi- 
conductor integrated circuit being the single-chip 
microcomputer, numeral 2 a data processor such 
as CPU, numeral 4 the nonvolatile memory block in 
the form of a software storing ROM, numeral 41 an 
address bus, numeral 42 a data bus, numeral 500 a 
control signal generating circuit, numerals 61 - 63 
and 66 switching elements, numerals 525 and 527 
three-state inverters, numerals 526 and 528 three- 
state drivers, and numerals 81 and 82 inverters. 
Each of the data processor 2. the nonvolatile mem- 
ory block 4, and a programmable logic circuit 900 
such as PLA or subprocessor employing non- 
volatile memory elements is connected with the 
address bus 41 and the data bus 42 directly or 
through the switching element. The address bus 41 
and data bus 42 are also connected with the ex- 
terior of the chip by signal lines 518 and 519 so as 
to receive and deliver data. Signals 5101 - 5104 
are control signals for data transfer as generated 
by the data processor 2, signals 5111 - 5122 are 
control signals afforded from outside the chip, and 
signals 520 - 528 are control signals for controlling 
the signal transfer timings between the address 
bus 41 as well as the data bus 42 and the CPU 2, 
the nonvolatile memory block 4, the programmable 
logic circuit 900 and the external input/output sig- 
nals 518, 519. A signal 514 is a data load signal 
from outside the LSI 1. a signal 515 is a write 
signal out of the LSI 1, the signal 518 is the 
external data signal, the signal 519 is the external 
address signal, and a signal 516 is a high voltage 
signal which is required for the writing or erasing 
operation of the nonvolatile elements of the non- 
volatile memory 4 and the programmable logic 
circuit 900. 

In the embodiment of Fig. 8, the nonvolatile 
memory block 4 and the programmable logic cir- 
cuit 900 which are connected to the common data 
bus 42 and address bus 41 have their addresses 
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arranged in the same space. By designating the 
respectively allocated addresses, therefore, write 
and verify processes can be executed with an 
identical data format and in an identical sequence. 
As a result, different write sequences are not need- 
ed for the nonvolatile memory block 4 and the 
programmable logic circuit 900, but a common 
write device is usable. Also in cases of executing 
write and verify processes by the use of the built-in 
data processor 2, access is possible in the same 
sequence. 

Fig. 9 shows an embodiment which constructs, 
the control signal generating circuit 500 in Fig. 8, 
and which is configured of an AND circuit 51 and 
an OR circuit 52. Numerals 5101 - 5104 indicate 
the group of signals which are generated by the 
CPU block 2 built in the LSI 1 f and numerals 5121. 
5122 and 513 the group of signals which are af- 
forded from outside the chip. Numerals 514 - 528 
indicate the group of signals which are produced 
by the control signal generating circuit 500. Now, 
the operation of the control signal generating circuit 
500 will be described. When the signal 5.13 des- 
ignating an external operation is low, the inverted 
signal 5131 thereof becomes high to validate the 
group of signals 5101 - 5104 from the CPU block. 
When, under this state, the signals 5101 and 5104 
are high, a signal 5291 for the read mode of a 
device outside the LSI becomes high, and the load 
signal 514 out of the chip becomes high. Further, 
the signals 520 and 528 become high, and an 
address signal 201 from the CPU block 2 causes 
the external address signal 519 to be output via the 
switch 61 , the address bus 41 and an output driver 
72. External data having responded to the load 
signal 514 and the address signal 519 is loaded 
into the CPU block 2 via the signal line 518, the 
input gate 81, an internal bus driver 64 and data 
buses 422, 423 when the control signal 527 turns 
"on". Since, on this occasion, the control signal 
524 is in the low state, the mixing of data from the 
nonvolatile memory 4 and the programmable logic 
circuit 900 connected to the internal bus 42 does 
not take place. 

In a case where the signal 5131 is high and 
where the signals 5102 and 5104 are high, a signal 
5292 for an external device write mode becomes 
high. As a result, the write signal 515 out of the LSI 
becomes high, and further, the signals 520. 521, 
526 and 528 become high. In consequence, the 
address signal 201 from the CPU 2 is transmitted 
to the signal line 519 via the portions 61, 41 and 
72, while at the same time, data 202 from the CPU 
2 is transmitted to the signal line 518 via the switch 
62, a data bus 425, the internal bus 42, a data bus 
421 and an output driver 71, whereby the writing 
operation of an external device is executed. 

In a state in which the signal 5131 is high and 



in which the signals 5101 and 5t03 are high, a 
signal for an internal device load mode. 5293 from 
the CPU 2 becomes high, and the control signals 
520. 522 and 524 turn "on". As a result, the ad- 

5 dress signal 201 from the CPU 2 is delivered via 
the portions 61 and 41 so as to send an address 
signal 426 for the nonvolatile memory block 4 and 
an address signal 5172 for the programmable logic 
circuit 900, and the load signal 522 is simulta- 

io neously afforded. By allocating the different ad- 
dresses on the identical address space to the non- 
volatile memory block 4 and the programmable 
logic circuit 900 beforehand, read data is sent from 
either addressed circuit to the data bus 42 via a 

75 path consisting of a bus 302 and the switch 63 or 
via a path consisting of a bus 5173 and the switch 
66, and it is loaded as the data signal 423 for the 
CPU 2. 

On the other hand, when the signal 513 is high. 

20 the signal 5131 becomes low. Therefore, the sig- 
nals 520 and 521 become low, and the transmis- 
sion of the signals from the CPU 2 to the address 
bus 41 and the data bus 42 is inhibited, so that the 
CPU block 2 is operatively disconnected from the 

25 internal buses. When the signal 5121 becomes 
high under this state, a signal 5294 for a mode of 
read from an external terminal becomes high, and 
the control signals 522. 524, 525 and 526 are 
generated. As a result, the address signal 519 from 

30 the external terminal is fed via the input gate 82 
and an internal address driver 65 so as to transmit 
the address 426 for the nonvolatile memory block 4 
and to transmit the address 5172 for the program- 
mable logic circuit 900, while at the same time, the 

35 load signal 522 is applied to the nonvolatile mem- 
ory 4 and the programmable logic circuit 900. 
Consequently, in response to the addressing from 
the external terminal 519, a read signal from either 
of the circuits 4 and 900 is transmitted to the data 

40 bus 42 via the portions 302 and 63 or via the 
portions 5173 and 66. and it is read out as the data 
signal 518 via the portions 42, 421 and 71. 

In a case where the signal 513 is high and 
where the signal 5122 is high, a signal 5295 for a 

45 mode of writing data from an external terminal 
becomes high, and the control signals 525 and 527 
become high. As a result, the address signal 519 is 
applied to the nonvolatile memory block 4 and the 
programmable logic circuit 900 via the same path 

so as in the read mode, while at the same time, the 
write data 518 becomes a data signal 424 for the 
nonvolatile memory block 4 and a data signal 51 71 
for the programmable logic circuit 900 via the input 
gate 81, internal bus driver 64 and data bus 42. 

55 Under this state, the write signal 516 is afforded 
from the external terminal to the circuits 4 and 900, 
whereby the data is written into the nonvolatile 
memory block 4 or the programmable logic circuit 
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900 in accordance with the designated address. 
The voltage of the write signal 516 is usually set at 
a voltage of about 10 - 25 V sufficient for the 
writing operation in correspondence with the non- 
volatile devices which are used for the nonvolatile 
memory block 4 and the programmable logic cir- 
cuit 900. In case of employing electrically-program- 
mable devices, in the state in which the signal 513 
is high, an address is afforded along the same path 
as in the write mode, and an erase voltage is 
applied from an external terminal to the circuits 4 
and 900, or an erase voltage is generated within 
the LSI and then applied to the circuits 4 and 900. 
Thus, the writing and erasing operations can be 
realized. 

In the state in which the signal 5131 is high 
and in which the signals 5102 and 5103 are high, a 
signal 5296 for a mode of writing data from the 
CPU into an internal device becomes high, and the 
control signals 520, 521 and 523 become high. As 
a result, an address from the CPU 2 is transferred 
to the programmable logic circuit 900 via the por- 
tions 201, 61. 41 and 5172. In addition, data from 
the CPU 2 is transferred to the circuit*900 via the 
portions 202, 62, 42 and 5171, and the write signal 
523 is simultaneously afforded. Thus, the data is 
written into the designated address of the program- 
mable logic circuit 900. 

Next, an embodiment of the arrangement of the 
programmable logic circuit 900 is shown in Fig. 10. 
Referring to the figure, numeral 91 indicates a NOR 
array constructed of a nonvolatile device, numerals 
961 - 963 logic modules, numerals 9461 - 9463 
selectors, numeral 9433 a sense amplifier, numeral 
9434 a write circuit, numerals 9431 and 9432 ad- 
dress decoders, numeral 941 a data register, nu- 
meral 942 an address register, and numeral 9435 a 
multiplexer. The logic module 961 is configured of 
a NOR gate 922, a flip-flop 921 . selectors 923, 924, 
an output driver 925, and AND gates 926, 927. This 
logic module 961 is of variable construction logic 
according to which the combination of {he logical 
expressions of the NOR array 91 is altered by 
writing data into the nonvolatile elements, and the 
selection conditions of the selectors 923 and 924 of 
the logic module 961 are determined in advance, 
whereby various logical constructions can be af- 
forded. The circuits 961 - 963 are connected with 
the data bus 42 and address bus 41 via the signal 
lines 5171 - 5173, and can transfer data from and 
to the exterior of the chip through terminals 991 - 
993. In the case where the signal 513 is low, that 
is, the internal operation is designated, the 
input/output of data is directed to the logic module 
961 and the flip-flop 921 included therein, and in 
the case where the signal 513 is high, that is, the 
external operation is designated, data is written into 
and read out of the nonvolatile elements constitut- 



ing the NOR logic of the NOR array 91. Now. the 
operation of this embodiment will be described. In 
the mode of reading data out of the CPU block 2. 
the signal 513 becomes low, an address is trans- 

5 ferred to the signal line 5172, and the read signal 
522 becomes high. Accordingly, the address ap- 
plied from the signal line 5172 is set in the address 
register 942 and is thereafter decoded by an AND 
gate 951 as well as the address decoder 9432. The 

to decoder 9432 allocates a specific address every bit 
width corresponding to the bit width of the data bus 
42, for the series of logic modules 961 - 963. The 
data of the flip-flop 921 is delivered via the AND 
gate 926 of the logic module selected by a de- 

rs coder signal 5310, and the data corresponding to 
the bit width of the data bus 42 is read out onto the 
signal line 5173 through a signal line 5311 and the 
selector 9435. In writing data from the CPU 2. the 
signal 513 becomes low, an address and the data 

20 are respectively transferred to the signal lines 5172 
and 5171, and the write signal 523 becomes high. 
Accordingly, the data becomes the input of the 
AND gate 927 trf the logic module 961 via an AND 
gate 953, and it is written into the flip-flop cor- 

25 responding to the selected address in synchronism 
with the write signal. 

On the other hand, when the signal 513 is high, 
that is. the programmable logic circuit 900 is ac- 
cessed through an external terminal, the output of 

30 the address register 942 is supplied via an AND 
gate 952 and the address decoder 9431 so as to 
select any of the word lines 986 - 989 of the NOR 
array 91. In the writing operation, data transferred 
to the signal line 5171 is set in the data register 

35 941 and is input to the write circuit 9434 through 
an AND gate 954. The write data becomes the 
inputs of the selectors 9461 - 9463 in synchronism 
with the write signal of high voltage 516 applied 
from outside the chip, and bit lines corresponding 

40 to the bit width of the data bus 42 are selected by 
a selector selection signal 5312 from the address 
decoder 9431, whereby the data is afforded to the 
selected ones of the bit lines 981 - 985 of the NOR 
array 91, and the writing operation of the non- 
45 volatile device is performed every bit width of the 
data bus 42. On this occasion, the selector 924 in 
the logic module 961 has its output held in a high 
impedance state by the signal 513, and the mixing 
of any signal from the logic module to the word 

50 lines 986 - 989 is inhibited. In reading out data 
through an external terminal, the bit line data of the 
NOR array 91 designated by the address decoder 
9431 is fed via the selectors 9461 - 9463 as in the 
writing operation and is read out by the sense 

55 amplifier 9433 so as to be delivered to the signal 
line 5173 through the selector 9435. 

As thus far described, the programmable logic 
circuit 900 is operated depending upon the states 

7 : 
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of the external mode designation signal 513. in 
such a manner that data is input to or output from 
the flip-flop 921 in the logic module 961 when the 
signal 513 is low, and that data is written into or 
read out of the NOR array 91 constructed of the 
nonvolatile device when the signal is in the high 
state. Moreover, the length of the data can be 
handled as being equal to the width of the internal 
data bus 42. In a case where an electrically-eras- 
able device is employed as the NOR array 91 an 
erasing operation can be realized with the same 
circuit arrangement as for the writing operation by 
adding an erase circuit. 

With this embodiment, as regards the writing 
and erasing operations of the nonvolatile device of 
the NOR array 91. the address space of the prog- 
rammable logic circuit 900 is shared by the non- 
volatile memory 4. and different addresses are 
allocated to these portions 900 and 4. whereby the 
writing and erasing operations through the external 
terminal of the LSI can be made common. Besides 
when the signal 513 is in the high state, the lines' 
for transmitting the signals from the CPU 2 are 
operatively disconnected by the gates 61 and 62 in 
Fig. 8, so that the portions 900 and 4 become 
electrically equivalent to a single nonvolatile mem- 
ory. 

The method taught by this embodiment can be 
applied to accesses from the CPU within the chip 
and the external terminal of the chip even in cases 
where the arrangement of the programmable logic 
circuit changes, for example, in a case where a 
plurality of NOR arrays exist, in a case where the 
construction of logic within the logic modules dif- 
fers, in a case where the number of flip-flops 
d.ffers. and in a case where the signal lines 991 - 
993 laid from the logic modules to the external 
terminals do not exist 

Fig. 11(A) shows an address map in the write 
and test read modes of a circuit configured of 
nonvolatile memory elements in the case where a 
processor 2 and an EPROM unit 4 shown in Fig. 13 
are respectively employed as the data processor 2 
and the nonvolatile memory block 4 in Fig. 8 in 
other words, the modes of a micro-EPROM 
(uEPROM) 600. the EPROM 4 and the program- 
mable logic circuit 900. In this example, the ad- 
dress bus 41 and the data bus 42 are shared by 
the above circuit configured of the nonvolatile 
memory elements, and the EPROM. uEPROM and 
programmable logic circuit are arranged in the 
same address space. That is. the EPROM cor- 
responds to addresses Ao - A e . the uEPROM to 
addresses B 0 - B e . and the programmable logic 
crcuit to addreses C 0 - C E . The portions 2. 4 and 
900 are arranged in the identical address space in 
this manner, and further, the voltage levels, tim- 
ings, etc. of addresses, data and control signals 



necessary for the write and test read modes are 
conformed to a standard single EPROM. whereby 
the write and test read modes can be executed 
using the same write device as that of the single 
s EPROM. y 

Fig. 11(8) shows a timing chart of the data 
write and test read modes. Terminals required for 
the write and test read modes are a main supply 
voltage terminal (V cc ). an address input terminal a 
>o data input/output terminal, a OE A/pp terminal for a 
high voltage (about 12 V) serving both to control 
the direction of data input/output and to write data 
and a chip enable terminal CE . The number of 
address inputs is set at a number covering the 
ts address space illustrated in Fig. n (A ). namely, at 
15 in the case of 32 kilobytes (data width: 8 bits = 
1 byte). 

After applying a predetermined voltage (about 
5 V) to the terminal Vcc. address information is 
20 afforded to the address terminal, and the terminal 
OE A/pp is changed from 0 V to about 12 V. while 
write data is afforded.to the data terminal, and the 
terminal CE is changed from 5 V to 0 V. Then, it is 
started to write the data into the EPROM element 
25 selected by the address information. The period of 
time during which the terminal CE is held at 0 V is 
determined by the characteristics of the EPROM 
elements, and it is about 1 msec. When the termi- 
nal CE is changed from 0 V to 5 V and the terminal 
ao OE A/pp is restored to 0 V. the write mode ends. 

Regarding whether or not the written data is 
normal, the address information is held, and the 
terminal CE is brought to 0 V with the terminal OE 
A/pp held at 0 V. Then, the data of the element 
35 selected by the address can be read out to the 
data terminal. That is. the read test can be carried 
out Whether or not the normal writing operation 
has been performed, can be known from the agree- 
ment or disagreement between the write data and 
•«o read data at the identical address. 

In a case where, as the result of the above test, 
the normal writing operation has been acknowl-' 
edged, the single-chip microcomputer is permitted 
to execute a data process dependent upon the data 
«s wntten into the nonvolatile memory element of the 
logic circuit thereof. 

As the third embodiment. Fig. 12 shows an 
example of a semiconductor integrated circuit 1 
which has a processor 2. an EPROM 4. and a 
so plurality of programmable logic circuits 801 and 
802 each including nonvolatile memory elements, 
all the aforementioned constituents being coupled 
to a bus 8. The first logic circuit 801 and the 
second logic circuit 802 are respectively coupled to 
55 I/O units 803 and 804. so as to communicate with 
the exterior of the integrated circuit. Also the bus 8 
can communicate with the exterior of the integrated 
circuit through another I/O unit 805. A control cir- 
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cuit 800 controls the modes of the semiconductor 
integrated circuit 1, namely, the normal operation 
thereof and the write and read test modes thereof 
for the built-in nonvolatile memory element, and it 
controls the integrated circuit on the basis of con- 
trol information afforded to a control input line 813. 

In the normal mode, the semiconductor in- 
tegrated circuit 1 performs ordinary operations with 
normal operation signals applied to control lines 
806- 812. 

On the other hand, as regards writing data into 
any of the devices of the EPROM 4 including 
nonvolatile memory elements, and the logic circuits 
801 and 802. when the test mode is designated on 
the control input line 813, the output of the proces- 
sor 2 to the bus 8 is inhibited, whereupon the 
integrated circuit operates as follows: 



(1) Case where the EPROM 4 and the I/O unit 805 
have been selected by the control input line 813: 

The bus 8 is supplied with outputs by only the 
EPROM 4 and the I/O unit 805. In the write mode, 
the address and write data of the EPROM 4 are 
sent from an external line 816, the information 
required for the writing operation is transmitted to 
the EPROM 4 through the I/O unit 805 as well as 
the bus 8, and the control input 813 is supplied 
with a write signal, for example, the control signal ( 
CE or UE /Vp P ) illustrated in Fig. 11(B). In the test 
read mode, a read signal is applied to the control 
line, and the data is read out of the I/O unit 805 
through the bus 8. 



(2) Case where the EPROM 4 and the I/O unit 803 
have been selected by the control input line 813: 

The bus 8 is supplied with outputs by only the 
EPROM 4 and the logic circuit 801. In the write 
mode, information required for the writing operation 
is applied from the I/O unit 803 and is written into 
the EPROM 4 through the logic circuit 801 as well 
as the bus 8. The read test is similar, and the data 
of the EPROM 4 is read out to an external line 814 
through the bus 8, logic circuit 801 and I/O unit 
803. 



(3) Case where the logic circuit 801 or 802 and the 
I/O unit 805 have been selected by the control 
input line 813: 

The bus 8 is supplied with outputs by only the 
I/O unit 805 and the logic circuit 801 or 802. Data 
is written into the logic circuit 801 or 802 through 



the I/O unit 805 as well as the bus 8. In the read 
test mode, the data is read out of the logic circuit 

801 or 802 through the bus 8 as well as the I/O unit 
805. 

5 

(4) Case where the logic circuit 801 or logic circuit 

802 and the I/O unit 803 or I/O unit 804 have been 
selected by the control input line 813: 

70 

The write mode is performed in such a way 
that information necessary for the writing operation 
of the nonvolatile memory element is afforded from 
the external line 814 or an external line 815 directly 
75 to the logic circuit 801 or logic circuit 802 through 
the I/O unit 803 or I/O unit 804, and that the write 
signal is applied to the control input line 813 as in 
the case (1). Also in the test read mode, the data is 
read through the I/O unit 803 or 804 from the logic 

20 circuit 801 or 802 directly without passing it 
through the bus 8. 

Next, an example of a processor employing a 
microprogram -control method will be described 
with reference to Fig. 13. In this embodiment, the 

25 microprogram storing EPROM (hereinbelow, briefly 
termed "micro-EPROM") 600 and program storing 
EPROM 624 referred to before are constructed on 
an identical semiconductor substrate as devices 
which include nonvolatile memory elements. 

30 The micro-EPROM 600 constructing the CPU 2 

in the processor is connected to a write circuit 601 
which is connected to an address bus 41 and a 
data bus 42 for writing the data of the micro- 
EPROM by respective wiring lines 653 and 652, a 

35 test read circuit 603 which is connected to the 
address bus 41 and the data bus 42 by respective 
wiring lines 651 and 650 in order to test the written 
data, and an instruction latch 602 which is con- 
nected to the data bus 42 by a wiring line 649. 

40 Further, the micro-EPROM is connected to a read 
circuit 604 for reading the data thereof in a normal 
operation. The output of the read circuit 604 is 
connected to a control circuit 607 which is con- 
nected to the instruction latch 602 as well as an 

45 address generating circuit 606 for generating the 
address of the memory and connected to the ad- 
dress bus 41 by a wiring line 648, and it is then 
connected to a processing circuit 605 which is 
connected to the data bus 42 by a wiring line 646. 

so Further, the read circuit 604, control circuit 607 and 
processing circuit 605 are connected to a clock 0 
at numeral 670. 

The EPROM device 4 is constructed of the 
EPROM 624 connected to a read circuit 621, a 

55 write circuit 622 and a .test read circuit 623 which 
are respectively connected to the address bus 41 
and data bus 42. In addition, the read circuit 621 is 
connected to the control circuit 607 of the proces- 
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sor 2. The address bus 41 and data bus 42 are 
respectively connected by wiring lines 654 and 655 
to a bus precharge circuit 671 which is controlled 
by the clock 0 670. Further, the address bus 41 is 
connected by a wiring line 612 to an input circuit 
608 which is connected to a wiring line 611 laid 
from outside the semiconductor integrated circuit, 
while the data bus 42 is connected by a wiring line 
614 to an input/output circuit 609 which receives 
and delivers data from and to an external wiring 
line 613. 

The outputs 630 - 639 of a control signal 
generating circuit 500, which is connected to a 
control signal line 610 laid from outside, are con- 
nected to the aforementioned circuits in order to 
control the normal operation and write test oper- 
ations for the EPROMs 600 and 624. 

Now, the operation of the embodiment will be 
described. 

In writing data into the micro-EPROM 600, a 
write mode signal is applied to the control signal 
input line 610. Under this state, among the outputs 
630 - 639 of the control signal generating . circuit 
500, only the control signal 636 for the write circuit 
601. the control signal 638 for the input circuit 608 
and the control signal 639 for the input/output cir- 
cuit 609 are validated, and the other signals are 
controlled into inhibit states. That is, outputs from 
the processor 2, EPROM device 4 and bus 
precharge circuit 671 to the data bus 42 and ad- 
dress bus 41 are inhibited, and the respective 
buses are used only for writing the data into the 
micro-EPROM 600 through the write circuit 601. 
The external connection line 61 1 of the input circuit 
608 is supplied with address information for select- 
ing an element from among the group of non- 
volatile memory elements constituting the micro- 
EPROM 600. the external connection line 613 of 
the input/output circuit 609 controlled into an input 
direction is supplied with the data to be written into 
the memory element selected by the address, and 
the control input line 610 is supplied with a write 
signal. In testing whether or not the written data is 
proper, a signal for the test read of the micro- 
EPROM 600 is applied to the control input line 610. 
Then, among the outputs 630 - 639 of the control 
signal generating circuit 500, the control signal 635 
for the test read circuit 603, the control signal 638 
for the input circuit 608 and the control signal 639 
for the input/output circuit 609 are validated. 

Under this state, the external input line 611 is 
supplied with address information, and the control 
input line 610 is supplied with a test read signal for 
the micro-EPROM 600. Then, the input/output cir- 
cuit 609 is controlled into an output direction, and 
the addressed content of the micro-EPROM 600 is 
delivered to the external connection line 613 
through the test read circuit 603. connection line 



650, data bus 42. connection line 614 and 
input/output circuit 609. 

Likewise to the write and test read modes of 
the micro-EPROM 600 as stated above, those of 

5 the EPROM elements 624 of the EPROM device 4 
are performed by controlling the write circuit 622, 
the test read circuit 623 and the input circuit 608 
as well as the input/output circuit 609 by means of 
the control signals from the control signal generat- 

70 ing circuit 500. 

The operation of the semiconductor integrated 
circuit in the normal mode proceeds in synchro- 
nism with the clock 0 670. as follows: 

Address information generated by the address 

f5 generating circuit 606 of the CPU 2 is sent to the 
read circuit 621 of the EPROM device 4 through 
the address bus 41, while data in the EPROM 
elements 624 is read out on the basis of the signal 
of a read signal line 671 laid from the control circuit 

20 607 of the CPU 2 and is loaded in the instruction 
latch 602 of the processor 2 through the data bus 
42. The information held in the instruction latch 602 
is applied to the micro-EPROM 600, and on the 
basis of the information, the element of the micro- 

25 EPROM 600 is selected. The information of the 
selected element is read out by the read circuit 
604. 

The information read out serves as control in- 
formation for the processor and the semiconductor 

30 integrated circuit. 

More specifically, the data of the micro-EP- 
ROM 600 read out by the read circuit 604 is input 
to the control circuit 607 so as to control the 
processing circuit 605. address generating circuit 

35 606. instruction latch 602. memory read circuit 621. 
etc. Besides, in the normal operation, the data bus 
42 and address bus 41 operate after being 
precharged by the bus precharge circuit 671 which 
operates in synchronism with the clock 0 670. 

to Thus, the series of operations of the semicon- 

ductor integrated circuit proceed in synchronism 
with the clock which is supplied to the processor. 
By the way, the numbers of the parallel output bits 
of the test read circuit 603 and the read circuit 604 

45 of the CPU 2 need not be equal. Besides, in this 
embodiment, the number of the parallel output bits 
from the test read circuit 603 is equalized to the 
number of bits of the data bus 42. 

As another embodiment, Fig. 14 shows an ex- 

so ample of construction in which the write and read 
test modes of a built-in EPROM or programmable 
logic circuit are performed by a processor built in 
an integrated circuit. 

Referring to the figure, a processor 2 which is 

55 controlled by a control input circuit 701 connected 
to a control input line 700 and serving to control 
the mode of a semiconductor integrated circuit 1 . a 
ROM 702 which serves to store a write program 
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and a test program, an EPROM 4, and a program- 
mable logic circuit 900 which is configured of non- 
volatile memory elements, are each connected to a 
data bus 42 and an address bus 41 . 

An input/output circuit 7 which is controlled by s 
the processor 2 for the communications of data, 
addresses etc. between the semiconductor inte- 
grated circuit 1 and the exterior thereof, is also 
connected to the data bus 42. Further, a control 
output circuit 703 for affording control information io 
to the external device of the semiconductor in- 
tegrated circuit 1 is controlled by the processor 2. 
When the control input line 700 is supplied with a 
signal for the write mode of the EPROM 4 having 
PROM elements or the logic circuit 900, informa- 75 
tion is transmitted to the processor 2 through the 
control input circuit 701, and the processor 2 is 
operated according to the write program stored in 
the ROM 702, as follows: 

The processor 2 requests the exterior of the 20 
integrated circuit 1 through the control output cir- 
cuit 703 so as to send information items necessary 
for the writing operation, namely, address informa- 
tion and data, and it controls the input/output circuit 
7 into an input direction and loads the information 25 
items therein through the data bus 42. Subse- 
quently, the processor 2 identifies the EPROM 4 or 
the logic circuit 900 and executes the writing op- 
eration on the basis of the information items. After 
the end of the writing operation, the processor 2 30 
reads out the written data and loads the read data 
therein, and it compares the written data with the 
write data so as to decide whether the writing 
operation has been normal or abnormal. The result 
of the decision is delivered to the exterior of the 35 
integrated circuit 1 through the control output cir- 
cuit 703. If. in this case, the writing operation has 
been abnormal, the processor 2 is stopped and the 
write program is suspended after the delivery of 
the result. 40 

In contrast, if the normal writing operation has 
been executed, a request signal for obtaining in- 
formation required for a writing operation is output 
again. Thenceforth, such operations are repeated. 

The operating example described above is a 45 
mere example, and various write and test systems 
can be realized depending upon the ways of set- 
ting the programs of the ROM 702. 

As described in detail in conjunction with the 
foregoing embodiments, according to the present so 
invention, the versatileness of a single-chip MC can 
be enhanced, so that the number of components to 
construct the MC and the peripheries thereof can 
be reduced. Moreover, since users can write logical 
information by themselves, circuit alterations hav- 55 
ing arisen can also be coped with promptly, and 
hence, the effect of curtailing cost is great 

Besides, in a semiconductor circuit which in- 



cludes a programmable logic circuit including non- 
volatile elements, a nonvolatile memory, and a data 
processor (such as CPU), addressing and how to 
afford data can be made identical for the writing 
and erasing operations of the nonvolatile elements 
in the programmable logic circuit. As regards the 
writing and erasing operations of a nonvolatile de- 
vice, usually the writing or erasing period of time is 
longer as compared with the writing or reading 
period of time of a memory, for example, RAM 
configured of volatile semiconductor elements, and 
a higher voltage is required. In some cases, the 
nonvolatile device needs to be processed in a 
specified sequence. A dedicated write or erase 
circuit for the writing or erasing operation needs to 
be prepared. In contrast, according to the present 
invention, the nonvolatile device included in the 
programmable logic circuit are interfaced with the 
same address and data control signals as those of 
the nonvolatile memory, thereby to bring forth the 
effect that the write or erase circuit of the non- 
volatile device can be shared with the nonvolatile 
memory. Especially in executing a writing or eras- 
ing operation from an external terminal, a write 
device conforming to the specifications of the non- 
volatile memory has heretofore been used for the 
writing, erasing or testing operation. According to 
the present invention, there is the effect that the 
same write device can be used even for the built-in 
programmable logic circuit. 



Claims 

* 

1. A single-chip microcomputer having a built- 
in CPU; 

characterized in that 

a logic circuit which includes nonvolatile semicon- 
ductor memory elements being electrically prog- 
rammable is comprised in a chip. 

2. A single-chip microcomputer as defined in 
Claim 1, wherein said logic circuit has a program- 
mable variable logical construction so that logical 
functions of said logic circuit may be established at 
will by electrically writing information into said non- 
volatile semiconductor memory elements. 

3. A single-chip microcomputer as defined in 
Claim 1, wherein said logic circuit controls data 
communications between said CPU and the ex- 
terior of said chip. 

4. A single-chip microcomputer as defined in 
Claim 1 , wherein: 

said logic circuit includes a logical product execu- 
tion unit and a logical sum execution unit, and 
an address bus and a data bus which are con- 
nected to said CPU, I/O port means connected to 
said data bus, and input selection means con- 
nected between an input of said logical product 
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execution unit of said logical circuit and said ad- 
dress bus as well as said data bus are comprised 
in said chip. 

5. A single-chip microcomputer as defined in 
Claim 4. wherein output selection means to which 5 
an output of said logical sum execution unit of said 
logical circuit and said data bus as well as said I/O 
port means are connected is further comprised in 
said chip. 

6. A single-chip microcomputer as defined in 10 
any of Claims 1 , 2 and 3. wherein: 

an address bus and a data bus which are con- 
nected to said CPU, and a nonvolatile memory 
block which is connected to said address bus as 
well as said data bus are further comprised in said 75 
chip, and 

said logic circuit is connected to said address bus 
as well as said data bus. 

7. A single-chip microcomputer as defined in 
Claim 6, wherein said nonvolatile memory block 20 
stores software of said single-chip microcomputer 
therein. 

8. A single-chip microcomputer as defined in 
Claim 6, comprising in said chip: 

first signal transmission means connected between 25 
said address bus as well as said data bus and said 
CPU, 

second signal transmission means connected be- 
tween said address bus as well as said data bus 
and said nonvolatile memory block, 30 
third signal transmission means connected be- 
tween said address bus as well as said data bus 
and said logic circuit, 

fourth signal transmission means connected be- 
tween the exterior of said chip and said address 35 
bus as well as said data bus, and 
control signal generating means for producing in- 
ternal control signals so as to suspend signal trans- 
mission functions of any of said first to fourth signal 
transmission means in response to external control aq 
signals from outside said chip. 

9. A single-chip microcomputer as defined in 
any of Claims 1, 2. 6 and 7. wherein said logic 
circuit constructs a micro-ROM in said CPU. 

10. A semiconductor integrated circuit wherein 45 
a function circuit block which generates an output 
signal in response to an input signal is built in a 
chip; 

characterized in that 

a control circuit block for controlling an operation of 50 
said semiconductor integrated circuit associated 
with an operation of said function circuit block is 
further comprised in said chip, 
said control circuit block including a logic circuit 
which includes electrically-programmable non- 55 
volatile semiconductor memory elements. 



11. A semiconductor integrated circuit as de- 
fined in Claim 10. wherein said semiconductor in- 
tegrated circuit and said function circuit block are a 
single-chip microcomputer and a CPU. respective- 
ly. 

said logic circuit having a programmable variable 
logical construction so that logical functions of said 
logic circuit may be established at will by elec- 
trically writing data into said nonvolatile semicon- 
ductor memory elements. 

12. A data processing method which employs 
the single-chip microcomputer as defined in any of 
claims 1 to 9 or the semiconductor integrated cir- 
cuit as defined in claim 10 or 1 1 , 
characterized by: 

a first step of electrically writing data into the 
nonvolatile semiconductor memory element of said 
logic circuit. 

a second step of reading out the data electrically 
written at said first step and testing whether or not 
it has been normally written, and 
a third step of causing said microcomputer or said 
semiconductor integrated circuit to execute a data 
processing operation concerning the data electri- 
cally written at said first step, when a result of the 
test at said second step is normal. 
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